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Ecology and distribution of calanoid copepods
in Sicilian inland waters (Italy)
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Introduction
Sicily covers about lloh of Italian territory, but its in-
land water bodies store only loh of national freshwa-
ter resources. This percentage includes the water
stored in about 30 dam reservoirs, which represents a
vital resource for the economy of the island. Its semi-
arid Mediterranean climate lin-rits water availability
in summer months. These environments were studied
in the last fifteen years pointing out the effect gener-
ated by water-level fluctuations on ecosystem dy-
namics (Nnsallr-FLoRES 2003).
Temporary water bodies represent another signifi-
cant water resource on the island. These freshwater
ecosystems, especially in dry regions, not only have
a socio-economical and cultural value that includes
storage of water for use by local pastoral communi-
ties, but contribute to the maintenance of global bio-
logical diversity through their exclusive and highly
specialized plant and animal communities. Despite
that, Sicilian temporary ponds have often been neg-
lected due to their ephemeral character and are now
disappearing because of abandonment of traditional
life styles and land agricultural use as well as unsus-
tainable land management practices, including per-
manent flooding and land-filling for agricultural and
urban developments. A possible strategy to stop this
tendency is increasing the knowledge on the real bi-
ological value of these water bodies. To manage this
task, a series of samplings representative of the Sicil-
ian territory has been carried out (MnnnoNE 2003a,
b, MRRRoNT, & Nespllr-Fr-onEs 2004). These data.
jointly with those present in the literature (Manc;nn-
rroRA et al.  1982, Calvo et al.  1993), al lowed us to
organically assess for the first time the consistency of
the entomostracan fauna in the island. In this paper
we highlight our results concerning the actual knowl-
edge on the distribution of calanoid copepods in Sici-
ly and atternpt to highli-qht he relationships between
this distribution and some ecolosical features of the
sampled sites.
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Methods
Samples were collected from autumr 2000 to spring
2004 in 256 water bodies scattered throughout the Si-
cilian territory and the small circum-Sicilian islands
(southern Italy). The survey incorporated both tem-
porary (78o1,) and permanent (22oh) lentic water bod-
ies, from small rock pools to large artificial reser-
voirs, ranging from sea level up to 1700 m a.s.l. Even
some saline lakes located in the central part of the is-
land, as well as abandoned saltworks were investigat-
ed.
A 200-pm mesh hand net was used to sample
along shorelines and through vegetation. Open wa-
ters were sampled by means of an 80-pm towing net.
Smallest environments were sampled by collecting
the water with a flask and concentrating the samples
on a 200-prm mesh sieve. The size of collected sam-
ples strictly depended on the dimensions of the water
bodies. Attention was paid to collecting samples in
all the microhabitats present.
Samples were fixed in situ with 4%o buffered
formaldehyde and sorted in laboratory under an Op-
tika dissecting microscope. Calanoid copepods were
identi f ied according to Dussanr (1967 , 1989),
ErNsr-E (1993) ,  KrEptR (1978) ,  PExvosrr  (1983) ,
RnNcn Rcooy (1994) and Srnl ln (1984) arrd stored
in the authors' collection. Individuals were assigned
to three arbitrary classes according to their relative
abundances and absolute dimensions.
In each site, conductivity. pH and water tempera-
ture were recorded using a Hanna Instruments HI-
991300 mult iprobe. An estimate of the abundance of
macrophytes and of the water turbidity was assessed
for each site by using three arbitrary qualitative class-
es. Terrestrial coordinates and altitude were recorded
with a GPS Magellan 310. Attention was paid to the
geological nature of the substrate and to the land-
scape context in which the water bodies occurred.
Canonical correspondence analysis (CCIA) was un-
dertaken using CRNoco 3.1 (run Bneer & VEnooN-
scHor 1995). The method al lows the contenlporary
use of quantitative and qualitative variables. The sig-
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Table 1. List of species and their chorological categories (from Vrc;Na TaclraNrr et al. 1992, modified).
Species Chorology
Family PSEUDODIAPTOMIDAE G. O. Sars, 1903
Calanipeda aquaedulcls Kritschagin, 1873
Family DIAPTOMIDAE G. O. Sars, 1903
Subfamily DIAPTOMINAE Kiefer, I 932
Diaptomus (Chaetodiaptomus) serbicus Gjorgewi6, 1907
Diaptomus (Chaetodiaptomus) cyaneus Gurney, 1909
HemidiaptomLts (Hemidiaptomus) gurneyi (Roy, 1927)
Hemidiaptomus (Occidodiaptomus) ingens (Gurney, I 909)
Copidodiaptomus numidicus (Gurney, 1909)
Arctodiaptomus (Arctodiaptomus) stephanidesi (Pesta, I 935)
Arctodiaptomus (Arctodiaptomus) kerkyrensis (Pesta, 1935)
Arctodiaptomus (Rhabdodiaptomus) salinus (Daday, I 885)
Mixodiaptomus kupelwieseri (Brehm, 1901 )
Turanic -European- M editerranean
Eastern-Turanic-European
Mediterranean
Mediterranean
West Mediterranean
West Mediterranean
E astern-Turanic-European
South-eastern European
Palearct ic
South European
nificance with which environmental variables ex-
plain the variance of species data was tested using
Monte Carlo methods, testing with 99 unrestricted
permutations. Variables were considered to be signif-
icant when p < 0.01.
Results and discussion
Recorded species
Calanoid copepods were found in 65 (37 tem-
porary and 28 permanent) of the 256 studied
water bodies. Of the 10 species collected (Table
l), four (Diaptomus serbicus, Arctodiaptomus
kerlqtrensis, Hemidiaptomus gurneyi, Hemidi-
aptomus ingens) were never recorded before on
the island. D. serbicus and H. gurneyi were pre-
viously known in Italy from Latium only (Srrr--
LA 1979). MoreoveE H. ingens and A. kerlqtren-
sis were recently recorded for the first time in
Italy (LrccHalr-r et al. 2003, MnnnoNp &
NnsEllr-FLoRES 2004).
The most common calanoid occurring in the
island (Fig. 1) is Copidodiaptomus numidicus,
which was collected in about 24o/o of the 65
sites, where it is the only calanoid present. The
occurrence of a single calanoid species per
pond is the most common feature in Sicilian
water bodies; two or more co-existing species
were found in less than20o/o of the sites. In par-
ticular, permanent water bodies never hosted
more than one species.
Calanipeda aquaedulcis, Copidodiaptomus
ntrmidicus and Arctodiaptomus salinus are the
Sicilian calanoid species that show a higher
predilection for permanent, large and highly
mineralised water bodies. They successfully
colonised most of the dam reservoirs built up in
the last decades.
When two or more species coexist synchron-
ically in a pond they show a remarkable differ-
ence in size; the most common assemblage is
composed by Hemidiaptomus gurneyi (te-
placed in one pond by H. ingens), Diaptomus
cyaneus and a third, smaller species (Mixodiap-
tomus kupelwieseri or Arctodiaptomus stepha-
nidesi) in relation to altitude, conductivity and
landscape context of the pond. Moreover, in
one site it was observed the coexistence of two
congeneric species (D. cyaneus and D. ser-
bicus).
Diaptomus serbicu,s was collected in four
small (8-20 m2), temporary ponds always lying
on a noncarbonatic substratum and located be-
tween 680 and 1300m a.s.l. Sicil ian popula-
tions represent the south-westernmost records
of this species, which is common in the Balkan
Peninsula, Armenia and Latium (Pnrrovsrr
1983, Srnlla 1984, Dussnnr & DEpnyp 2002).
Diaptomus cyaneus was collected in 13 water
bodies characterised by significant differences
in water turbidity, altitude, presence of macro-
phytes, basin size and substratum nature. The
Sicilian sites where it has been collected are al-
ways temporary and show conductivity values
ranging between 65 and 430 pS cm l. It is quite
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Fig. 1. Distribution maps of calanoid copepods in Sicily.
e Both species
common along the circum-Mediterranean
countries, where it populates both lowland tem-
porary ponds and high altitude permanent ones
(Srenn 1984).
Hemidiaptomus gurneyi was collected in
eight temporary ponds lying on both siliceous
and carbonatic substrates. These environments,
distributed along the east-west axis of Sicily,
are generally characterised by clear waters,
large dimensions (ranging between 300 and
4000 m2), alt itude between 700 and 1300m
a.s.l., a dense macrophyte cover and rather low
conductivity values (65-250 pS cm-r;.
H. ingens was collected in a single, rather
large (about 400 m2), temporary, macrophyte-
rich water body located in the northwestern
part of the island. Typical of North African tem-
porary ponds, it has been recorded also in Ca-
margue (Dussanr & DEpnvE 2002) and Corse
tA M ix o d iapto m u s ku pelwieseri
400 N;33 59 E
(CHevrenu l97l). Sicil ian specimens, along
with those collected in Oued Tindja (Tunisia),
are morphologically identical to the nomotypi-
cal subspecies while the specimens from Alge-
ria, France and Corse lack the setae at the dis-
tal end of the endopodite of the male P5, being
thus ascribable to the subspecies H. ingens in-
ermis (MnnnoNn & NRsEt-l-l-FLoRES 2004).
These two subspecies are considered synony-
mous by KInnnn (1913) and DussAnr & DEpnvE
(2002).
The small-bodied Arctodiaptomus stephani-
desi rs typical of small and shallow temporary
ponds, but in Corfu Island it was also found in
permanent water bodies (ReNcn REoov 1994).
It is quite insensitive to chemical and physical
characteristics of the environments even though
it slightly prefers small lowland ponds with in-
termediate conductivitv values. It is an Eastern
H| 1 ) Arctodiaptomusstephanidesi
a Arctodi aptom us kerky re ns i s
I Arctodiaptomus salinus
a Hemidiaptom us gurneyi
 Hemidiaptomus ingens
Turanic-European taxon, which reaches in Sici-
ly its south-westernmost areal limit.
A. kerkvrerzsis has been collected in two small
(8 -t and 40 m2) and turbid temporary water
bodies, located at the edge of a vineyard, on a
lavic substratum at the foot of Etna Volcano,
850 m a.s.l. These pools show conductivity val-
ues of 490 and 450 pS cm I respectively. A.
kerkvrensis was up to now known from Corfu
Island Macedonia, Bulgaria and former Yu-
goslavia (Dussnnr & DErnye 2002'), where it is
typical of lowland astatic swamps and fish
ponds (R,tNcn Rpony 1994). As for the previ-
ous species, Sicily represents its south-western-
most areal limit.
Mixodiaptomus kupelwieseri was sampled
both in temporary and semi-permanent ponds
characterized by rather low conductivity values
(50-390 trrS cm l;, l impid water, sil iceous sub-
stratum and at altitude ranging between 600
and 1300m a.s.l. All the sites l ie inside wooded
areas, with the exception of two ponds, lying
respectively in a cornfield and in a pasture land,
both of them near to a wooded area and defor-
ested only in the last decades. M. kupelwieseri
is typical of central and southern Europe, while
in southeastern Europe it coexists with the
strictly related M. lilljeborgi, whrch replaces it
in Northern Africa (Dussnnr 1989. Dussnnr &
DEpRyE 2002).
Relationships with environmental variables
The eigenvalues for the CCA axes explained al-
most the 90o/o of the variance in the species-en-
vironment relationship (Table 2). Two distinct
tendencies can be observed in Figure 2. One
runs horizontally and separates temporary
(group C) and permanent (group A and B) wa-
ter bodies. The first group lies on the left part
of the plane and shows a higher species rich-
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ness (n : 7). The second is located in the right
part and collects three species. Temporal di-
mension is negatively correlated with axis I (r
: -0.90), whereas permanency is positively re-
lated (r: 0.91). These two variables are strictly
linked to altitude, area and macrophyte cover-
ing. In Sicily, temporary ponds are generally lo-
cated higher above sea level, have a smaller
area and show a richer macrophyte covering
compared to permanent environments. The sec-
ond tendency is vertical and linked to conduc-
tivity values and separates environments with
conductivity values < 4 mS cm I (group B)
fiom those with values ranging between 4 mS
and 42 mS cm-r (group A). Thus, the perma-
nent water bodies lying on the right part of the
plane are ranked according to increasing con-
ductivity values and the species associated re-
flect this tendency showing Copidodiaptomus
numidicus, Calanipeda aquaedulcis and Arcto-
diaptomus salinus distributed along this gradi-
ent.
The group of animals linked to temporary
waters seems to be more characteristic of a se-
mi-arid region like Sicily, as confirmed by the
higher species richness and diversity of
calanoid assemblages. Moreover, a similar ten-
dency has been observed for branchiopods also
(Mnnnoxn unpub. data).
Some biogeographical considerations on
Sicilian calanoid fauna
Sicily, located in the middle of the Mediter-
ranean basin, hosts taxa belonging to different
chorological zones and represents a natural
"transition zone" for freshwater taxa (Fig.3), as
documented by NnsElr-r-FLoRES et al. ( 1998). In
particular we highlighted seven chorological
groups, with an equilibrated repartition of the
taxa among the chorological categories (Table
Table 2. Summary statistics for the first four axes of CCA.
CCA Axes
E,igenvalues
Species-environment correlations
Cumulat ive percentage var iance
of species data
- of species-environment relation
0.93
0.91
14.4
3 9 . 1
0.59
0.78
23.6
63.8
0.3s
0.62
29.0
78.5
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Fig.2. Ordination triplot of
CCA performed on the
species-environment relation-
ships in the studied water bod-
ies (grouped as A, B and C).
Cond: conductivity; Macr:
macrophyte abundance;
Ephe: temporaneity; Alt: alti-
tude a.s.l.; Temp: temperature
ofthe water; Perm: permanen-
cy; Arcsal: Arctodiaptomus
salinus; Calaqu: Calanipeda
aquaedulcrs; Copnum: Copi-
dodiaptomus numidicus; Ar-
cker: Arctodiaptomus kerky-
rensis; Diaser: Diaptomus
serbicus; Mixkup: Mixodiap-
tomus kupelwieseri; Diacya:
Diaptomus cyaneus; Arcste:
Arc to di apt omus s t ep hanide s i ;
Hemgur: Hemidiaptomus
gurneyi; Heming: Hemidiap-
tomus ingens.
1 . 0
Fig.3. Updated distribution of some selected species of calanoid copepods in the Mediterranean basin.
I ). Three main groups have been singled out: one
is composed by the Eastern European elements
D. serbicus, A. stephanidesi and A. kerlqtrensis;
the second includes Western Mediterranean en-
tities as H. ingers and C. numidicus;the third one
includes Circum-Mediterranean, Palearctic and
South European taxa for which Sicily does not
represent any geographical imit.
Sicily lacks taxa typical of permanent and
poorly mineralised water bodies. Its semi-arid
Mediterranean climate limits the development
of a perennial surface hydrographic network:
most permanent water bodies occurring in Sici-
ly today are artificial, the only exceptions being
the coastal brackish ponds and lagoons and
some endorheic saline lakes. The construction
of several reservoirs and small agriculture
ponds favoured the spreading of those eu*
riecious taxa, which naturally occurred in the
high mineralised and permanent coastal water
bodies. Conversely, those species typical of
perennial water bodies in more temperate cli-
mates are absent on the island. Noteworthy is
the absence of the genus Eudiaptomzs, which is
common in peninsular Italy, Europe and Asia
but rare along a latitudinal gradient. According-
ly, also the genus Metadiaptomus, common in
sub-Saharian Africa as well as in Maghreb
(Dussnnr 1984), has been never recorded on
the island. All Sicilian species are present in
Europe and nearly a half of them (M. kupel-
wieseri, A. stephanidesi, A. kerlqtrensis and D.
serbicus) are absent from North Africa.
In this way, Sicilian calanoids show the great-
est affinity with the European and temperate
fauna. Nevertheless, Sicilian fauna is impover-
ished by the absence of many northern ele-
ments, and this lack is not balanced by the in-
gression of typical African ones.
Note: When the present paper was already in
press, the Paradiaptominae (Calanoida, Diapto-
midae) species Metadiaptomus chevreuxi
(GuenNe & RrcHnno 1894) was col lected in a
temporary pool in Favignana Island (Egadi
Archipelago, Western Sicily). This finding, de-
scribed in MnnnoNE & NasElt-t-FLoRES 2005,
constitutes the first record of a representative of
the Paradiaptominae subfamily in Italy.
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